This paper discusses flow measurement results both upstream and downstream of a transonic annular gas turbine nozzle with a nonuniform pitch. The downstream measurements are performed in the plane where the leading edge of the rotor blade is located in the gas turbine. The experiments were performed using total pressure probes and wall static pressure taps. The pitch variation modifies the flow field both upstream and downstream of the nozzle, although the experiments show that the effect is localized to the immediate neighborhood of the involved blades. The effects on the wakes and on the inviscid flow are discussed separately. The mean velocities show a strong sensitivity to the changes of the pitch, which is due to a potential flow effect rather than a viscous effect.
INTRODUCTION
'onuniform pitched gas turbine stators are used both in thermal and hydraulic turbomachines to reduce the excitation of the downstream rotor.
The examined nozzle is a production nozzle of a small gas turbine and is operated at transonic flow conditions. The blades are arranged in a way that 11 nozzles with a narrow pitch are followed by one nozzle with an intermediate pitch and another 11 nozzles with a wide pitch (Fig. 1) .
The nonuniformity of the flow behind turbine nozzles is due to wakes, inviscid effects from turning (Gloger [1979] ) and shock waves. All of these effects disappear far downstream from the nozzle, but are usually rather strong in the rotor plane. Fig. 2 shows the reduction of the fluctuations due to wakes and inviscid effects with the distance from the trailing edge of the nozzle. The As can be observed from Fig. 2 and also from the measurements of Gloger [1979] , and Korakianitis [1993] , both effects have approximately the same magnitude in the rotor blade leading edge plane.
For conventional configurations with uniformly pitched blades, all these disturbances will appear periodically (e.g. Arndt, [1991] ) and thus will excite the following rotor blades with a frequency that is proportional to the rotor speed and the number of nozzle blades.
For nozzles with a nonuniform pitch, described in Fig.   1 , the excitation of the rotor blades is nonperiodic. This paper examines the effect of a sudden change in pitch on the flow field upstream and downstream and the losses of the nozzle.
TEST PROGRAM Test Facility
The tests were conducted at the annular cascade test facility of the "Laboratorium fuer Stroemungsmaschinen" at With the calculated static pressures at mid-span, it is also possible to determine the flow velocities at mid-span. The averaged velocities at mid-span are in good accordance with L-2-F measurements achieved for two of the blades.
MEASUREMENT RESULTS

Inviscid Effects
The shroud static pressures at the inlet (Fig. 4) presented in terms of the Laval number show, that the flow readjusts to the different width of the flow channels downstream. For the overall pressure ratio of the nozzle, the inlet velocity for the narrow passages is smaller than for the wider ones. This adjustment occurs in the area where the pitch changes and is complete within two passages to either side, although small fluctuations persist around most of the turbine nozzle. Fig. 5 shows the inviscid flow fluctuations in the area where the pitch changes from wide to narrow. In conjunction with Fig. 7 it can be seen that the mean velocity in this area will be higher than for the wide or the narrow pitched area. All of the other channels are not affected. The same results were obtained both experimentally and theoretically by Kurz [1992] It should also be mentioned that the flow fluctuations A M*/M* are higher for the wide channel than for the narrow channel, which is in accordance with the theoretical results by Gloger [1979] and Kurz [1991] . Basically, the circulation around the blades with the wider pitch has to be higher, therefore resulting in greater fluctuations of the downstream flow.
Blade Losses Fig. 8 shows the losses distribution caused by the blades of the nozzle at mid-span. The loss behavior of the blades where the pitch changes shows some slight deviations from the losses of the other blades. Results from Kurz [1992] for the linear cascade, showing that the nonuniform pitch does not lead to a much higher blade loss, is also valid for the current nozzle.
The results for the losses obtained from the linear cascade (Kurz [1992] ) with the same blades show a good correlation with the mid-span losses of the current nozzle.
In Fig. 8 (Kurz [1991] ) at h/H 0.5 are used to calculate the static pressure at midspan directly from measurements instead of using eq. (2). Fig. 8 shows the very small differences between the two methods. Fig. 8 shows indeed an increase of the losses in the areas, where the pitch changes. Some of the other blades also show very high losses. It is believed, that the increased loss resulted from some damage sustained by the blades in question from earlier tests. Fig. 8 indicates the magnitude of the loss deviations due to the change in pitch as a minor issue. 
Wakes
Of great interest for determining the exciting forces on the rotor blades is the circumferential position of the wake centers. In nozzles with uniform pitch the distance between wakes is equal to the blade pitch (e.g. Arndt [1991] ). For the present configuration, however, the distance between the wakes is no longer equal to the pitch. Fig. 7 shows the relative circumferential distances u between the wake of blade N and the previous blade N-1 normalized by the relevant pitch. The greatest deviations occur at the blades that separate a smaller pitch from a larger pitch. The deviations decrease with distance from these blades and become negligible after about 3 blades to each side. Fig.7 (14) and using eq. (8), (9) and (10) 
